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The investigation of the polyol-borate system was prompted 
by the observation i n 1842 that sugars increase the acidity of 
boric acid^. Later studies indicated that borates alter other 
properties, such as optical rotation, viscosity, solubility, and 
electrical conductivity^. I t was also noted that the addition of 
borate solution to polyvinyl alcohol (PVA) results in the forma-
Q 
tion of a gel . The formation of complexes between the borate 
ion and polyhydroxylic compounds (polyols) i s responsible for 
these varied properties. Polyols may also complex with the hy-
q 
droxyanions of arsenic, germanium, iodine, and molybdenum^. 
Two types of complexes can be formed from borate and polyol 
depending on whether two or four water molecxiles are released"^. 
Whai one borate ion complexes with one polyol molecule, the 
one-to-one species, BP" i n Figure 1, i s formed. I f the borate 
ion complexes with two polyol molecules, the one-to-two complex, 
BP2" in Figure 1, i s the product. 
one-to-one one-to-two 
BP- BP2-
Pigure 1. Structure of the polyol-borate complexes. 




The original purpose of this research project was to study the 
interesting properties of the unusual polyvinyl alcohol-borate gel. 
I f the equilibrium constants of the systan are known, i t i s possible 
to calculate the number of crosslinks, or BPg" species, at the gel 
point. The equilibrium concentration of the one-to-two complex at 
the gel point can be correlated with the i n i t i a l concentration of 
polymer molecules. However, since polymers are extremely complicated, 
some simpler polyol-borate systems have also been studied for compar-
ison. 
In this woric the equilibrium constants for the one-to-one and 
one-to-two complexes are determined via pH methods for glycerol, 
ethylene glycol, 1,3-propanediol, and polyvinyl alcohol at 25°C. 
The effects of ionic strength and temperature are also investi-
gated. Equilibrium constants at various temperatures can be 
utilized to calculate thermodynamic quantities for the reactions. 
\ 
THEORY 
The following theory relating pH values to the equilibrium 
constants of the polyol-borate system i s based upon the work of 
Eldwards, et a l ^ . The reactions involved in the formation of the 
one-to-one and one-to-two complexes are given in Figure 2 . 
(1) B(0H)3 + HgO < LBCOH)/^-] + 
( 2 ) 
BP- J + BHpO ^ 
K2 
( 3 ) 
(4) 
+ 4H20 
Figure 2 . Reactions involved in the polyol-borate system. 
In the f i r s t reaction boric acid ionizes to the boratd and hydronium 
ions until equilibrium i s established. This i s represented in Fig-
ure 2 by Ka, the ionization constant of boric acid. 
The tetrahedral borate ion i s believed to be the complexing 
species rather than boric acid. Therefore, Elquations 2 and 3 repre-
sent the stepwise addition of polyol to borate. When one borate ion 
reacts with one polyol molecule, two water molecules s p l i t out as 
the BP" complex i s fomed. I f BP" then complexes with another polyol 
molecule, the reaction products are BP2" and two additional water 
molecules, Elquilibrium i s established for both complexing reactions, 
and the respective constants are termed and K2 2 ) , 
4 
The over-all equilibrium constant for the reaction of one 
borate ion complexing with two polyol molecules i s represented by 
P (see Fig. 2 and Bq. 4 ) , p i s equal to the product of Ki and K2. 
The equilibrium constants for the polyol-borate system are defined 
mathematically in the following manner. 
( 5 ) Ka = [Ĥ -] [B(0HV3 
;B(0Hj3] 
( 6 ) Ki = "BP-! 
"B(OH)ẑ -' 
(7) K2 =_g_ = bPp-
Ki [BP-] [P 
(8) P = [ B P ? - ] ^ 
[B(OH);-] [ i f 
As the borate ion complexes with polyol, i t s concentration i s 
reduced. This causes the ionization equilibrium of boric acid to 
s h i f t to the right, producing more borate and hydronium ions. Thus, 
the pH of the system decreases as more complex i s formed. This change 
can be measured directly using a pH meter and related to the equilib-
rium constants. 
The source of borate i s an aqueous solution of borax (sodium 
tetraborate). Borax i s of such constitution that i n solution the 




2B(0H)ji^'" + 2B(0H)3 + 2Na'̂  + 2H2O 
(10) [B(OH)/̂ -JO = [B(OH)3' o = i Borax 
Equation 10 applies to the i n i t i a l borax system so that can be 
calculated from the pH of this system, since equals [H*"] and 
pKa equals pH (see Bq. 5 ) . Also, the concentration of boric acid 
5 
remains essentially at i t s i n i t i a l value throughout a determination, 
because the hydronium concentration and therefore the boric acid 
concentration (Bq. 1 ) changes only i n the order of 10"^ M, whereas 
the o r i ^ a l boric acid concentration i s approximately 10"^ M. 
When polyol i s added to the borax solution, some of the borate 
w i l l complex forming BP" and BPg". A mass balance equation can be 
written, since the i n i t i a l borate concentration equals the sum of 
the equilibrium concentrations of borate and the two complexes. 
(11) [B(OH)i^-]o = [B(OH)/^-] + [BP-] + \BP^'' 
A mass balance equation analogous to Equation 11 also exists for 
the polyol. 
( 1 2 ) [PIO = BP- + 2 FBPo-
The initial.concentration of polyol ([P]o) i s known, but the 
sum of [BP-] and 2[BP2"] can only be approximated. Under the condi-
tions of the experiment the concentration of polyol i s made much 
greater than borate, so that the quantity [B?\s 2[BP2" i s very 
small compared to the total polyol concentration. Hence, l i t t l e error 
i s introduced by the approximations 
( 1 3 ) BP- + 2 BP2" BP- LBP2 J 
Also, Equation 14 can be written from Equations 11 and 13 ass 
(^4) [B(0H)4"]O - [B(OH)/^] = [BP" J + 2 [ B P 2 " ' 
. Substitution of the quantity [B(OH)i^"[|o minus [B(OH)/^'"J for 
[BP-] plus 2IJBP2"] in Equation 12 yields the f i n a l expression for 
obtaining the equilibrium polyol concentrations 
(15) [ P ] = [P]o - [B(OH)ZJ."]O + [B(OH)i^"! 
The equilibrium concentration of borate, [B(OH)ij," , can be calciilated 
u t i l i z i n g Equations 5 and 10 and the measured H"*" concentration. 
Hence, [p] can be found using Equation 15. 
To determine and p, a linear relationship can be derived 
from Equation 11. Dividing this expression by [B(OH)Z|.-J, Equation 16 
i s obtained: 





Equations 6 and 8 are solved for [BP'^ and [BPg"] respectively and 
substituted into Equation l6 to obtains 
(17) .B(OH)/,rJ 
(OH)/.-
o = WH)//. 
1 + Ki + p[P ] 2 
Also, Equation 5 can be written ass 
IB 
K 
I i 3 = ljB(OH)qJo 
"B(OH)J (0H)4"Jo ( 0 H ) l r r 
f 
The f i n a l linear relationship i s developed by substituting [Ĥ yK_ 
into Equation 17 and rearranging the expression. The resulting 
equation iss 
(18) M - 1 
L K [ P 
= Ki + p P 




constant. Table 1 shows some typical values for these quantities 
i n a t r i a l run using glycerol. 
Vol P pH j l " ^ x 1 0 - % B(OH),"Jo [B(OH),-] [Pjo [P1 
0.00 9.201 6.30 0.0250 0.0250 - -
2.00 8.496 31.9 0.0241 0.00475 0.192 0.173 23.5 
6.00 7.836 146 0.0224 0.00096 0.534 0.513 43.3 
10.00 7.503 314 0.0209 0.00042 0.833 0.813 60.2 
Table 1 . Sample results for 5.000 M glycerol titrated 
into 50.00 ml of 0.0250 M borate solution. 
A plot of K' vs. [p] i s linear (see Fig. 3, p. 8) and has an intercept 
of and a slope of p. Kg can then be calculated from the relation-
ship: ; K2 equals .p/K̂ . 

EXPEfOMENTAL METHOD 
The chemicals required for this research project were reagent 
grade and iised without further purification. Sodium tetraborate 
(borax) solutions were made by quantitatively weighing the salt 
and diluting with d i s t i l l e d water in a volumetric flask. Polyols 
(except polyvinyl alcohol) were used in concentrated form or were 
diluted to 5 M. Solutions of 2-3/5 by weight polyvinyl alcohol were 
obtained by dissolving a commercial grade* of the polymer i n d i s t i l l e d 
water on a steam bath, and these were then stored in brown poly-
ethylene bottles. The concentration of the polyvinyl alcohol (PVA) 
solution was determined by pipetting 1 0 ml of the solution into a 
previously weighed bottle and evaporating the solution to dryness 
in the oven. This gave the weight of PVA per 1 0 ml which was then 
converted to molar concentration based on the weight of a monomer. 
Data were expeidjuentally acciiraulated by the following procedure. 
Determinations began with 50.00 ml of O.O5OO M or 0,0250 M borate 
in a 250 ml beaker held in a constant temperature bath, pH was 
measured to the nearest thousandth of a pH unit by using the 
Beckraan research pH meter, anpLoying glass and calomel electrodes. 
The electrodes were i n i t i a l l y standardized with a Beckman buffer 
solution of pH 9.18 at 25°C. Because this commercial standard 
was borax, i t was more convenient to standardize the instrument 
with my own i n i t i a l solution. 
* Manufactured by E. I . du Pont de Nanours & Co, under the trade 
name "ELvanol" grade 72-60, 
10 
To the beaker containing the electrodes, nitrogen i n l e t 
tube, and thermometer, the polyol was added from a burette above 
the beaker. After each addition of polyol, the pH meter was 
roughly balanced as the nitrogen gas mixed the solution and pre-
vented carbon dioxide from dissolving i n the solution. When the 
solution had equilibrated for at least five minutes, the nitro-
gen was turned off, and the meter was balanced at high sensitiv-
i t y . The procedure was repeated to obtain a third reading about 
one minute later. I f the second and third reading agreed, the 
pH was recorded, nitrogen was turned on, and another polyol addi-
tion was made. I f the readings differed greatly, additional time 
was allowed to attain equilibrixim. 
According to the conditions of the experiment (see Bqs. 14 
and 1 5 ) , the concentration of polyol must be made greater than the 
borate concentration. The i n i t i a l addition of polyol must there-
fore be regulated so that the adjusted concentration of polyol i n 
50 ml of borate i s higher than the total borate concentration. 
The greater the difference, the lower w i l l be the error due to 
the approximation i n Equation 1 5 . 
Three factors which might cause experimental error were i n -
vestigated: ( 1 ) carbon dioxide effects, ( 2 ) eqviilibration time, 
and (3) volume correction. Since carbon dioxide from the atmos-
phere decreases the pH of borax, nitrogen was bubbled through 
the solution except when a high sensitivity reading was made. 
The nitrogen was purified by f i r s t passing i t through 19 M sodium 
hydroxide solution and then through concentrated sulfuric acid 
11 
for drying. This procedure was checked by using the method of 
equilibrating the solutions in closed flasks. The results devi-
ated by a maximum of 2^ from an average value based on one closed 
flask and two open flask t r i a l s . This shows that nitrogen i s 
minimizing the carbon dioxide effects i n the open flask method. 
Equilibration time was investigated to make certain that the 
reaction was rapid enough so that equilibrium would be attained 
within the five minute period. After a reading was recorded for 
one particular t r i a l using glycerol, the solution was put into a 
closed flask. After two hours the pH of this solution had de-
creased only one-thousandth of a pH unit. 
Volume adjustments must be made in the calculations to account 
for both the diluting effect of the polyol on the i n i t i a l borate 
concentration and for the dilution of polyol concentration with 
50 ml of borax. A correction for partial molal voltmies was also 
investigated by f i l l i n g a 50 ml volumetric flask with 40 ml of 
borax and 10 ml of polyol from two separate burettes. Although 
there was a slight decrease i n volume due to the complexing reac-
tion, i t was not large enough to cause error i n concentration 
values. 
Polyvinyl alcohol required the closed flask method, since 
nitrogen produced foaming and bubbling of the solution and because 
gel accmulated on the electrodes. After the PVA was added to the 
flask, a magnetic s t i r r e r mixed the system for ten minutes. Then 
the flask was equilibrated in the temperature bath for at least 
fifteen minutes before the pH was measured. In most cases a 
\ 
12 
gel formed which had to be rinsed from the electrodes after each 
reading. Unfortunately, the data from the PVA-borate system was 
not as consistent as the determinations with simpler polyols. 
Possibly the gel clogged the electrodes causing occasional faulty 
readings. 
For the investigation of ionic strength on the equilibrixm 
constants of the glycerol-borate system, four potassium salts were 
used: KCl, KNO3, KgSO/̂ ,̂ K^FeCCN)^. Equal concentration of the 
particular salts were present in both the borax solution and the 
polyol. Results for ̂ z^k ^^^^ "ot evaluated, since both solu-
tions were saturated, and the concentration of the sal t was not 
accurately known. Two copper salts, CuClg and CuSO/,,, were tried 
but insoluble material precipitated from each in the borax solu-
tion. This was probably insoluble copper hydroxide because the 
pH was lowered from 9.18 to 2.9 and 3 . 8 respectively. 
The above procedure was used at a l l temperatures. However, 
inconsistent data were obtained for a l l polyol-borate systems at 
1°C. The needle of the pH meter drifted constantly and could not 
be brought to a f i n a l balance. Since the equipment should function 
to at least 0°C, the faulty results may be attributed to a slower 
rate of reaction at the lowered temperature. These results were 
discarded, and more accurate data were obtained at 15°C, 
Gel point data were obtained by starting with a solution of 
30 ml PVA i n a 150 ml beaker. A.magnetic s t i r r e r was set at a 
fixed speed while borax solution was added drop by drop from a 
burette. I t was found that i t took only 2,80 ml of 0 , 0 1 5 M borate 
^ A 
13 
to gel 30 ml of 0,5 M PVA (monomer). Detection of an exact gel 
point was somewhat arbitrary, but with the aid of the s t i r r e r 
which was markedly slowed by the gel, astute observation could 
detect a gel point within three drops of borax. -
14 
RESULTS AND DISCUSSION 
Excellent straight lines were obtained from a plot of K' vs. [P_ 
(see Fig. 3, p. 8) with the exception of the PVA-borate system. Three 
t r i a l s of glycerol were reproducible to within 4^ of the average value 
i n contrast with Edwards^ who reported a reproducibility of 10^. 
Comparison Of Equilibrium Constants For Various Polyol-Borate Systems 
Bqiiilibrium constants have been calculated for glycerol, ethylene 
glycol, 1,3-propanediol, and polyvinyl alcohol at 25°C. These results 
along with the proposed configurations of the polyols appear in 
Table 2 . ' ^ 
POLYOL h 
Glycerol 
MOCH ( 2 ) 











, average 12.9 4.46 57.7 
Ethylene Glycol 
CH^OH 





-Qi^ -CR- monomer 1.08 3.70 4.00 
dimer 1.98 5.05 10.0 




The equilibrium constants for glycerol are considerably higher 
than the other systems, indicating a favored complexing reaction. 
Although the hydroxyls have free rotation around the carbon bonds, 
certain favored configurations are more l i k e l y to be present. Be-
cause of dipole repulsion and steric hindrance, the number two hydroxy! 
on the glycerol molecule probably forces the number one and three 
hydroxyls into a cis position. This configuration i s consistent with 
the relatively high constants, since only molecules with cis hydroxy 
groups are able to complex with borate. 
Ethylene glycol, on the other hand, has very low equilibrium 
constants (see Table 2) which appear to indicate that the config-
uration of the hydroxyls i s unfavorable either because of steric 
hindrance or dipole repulsion of the oxygens. However, i t i s known 
that ethylene glycol can also form a stable five-raembered hydrogen 
bonded cyclic configuration^, A considerable fraction of the molecules 
are in this form despite the steric effects and dipolar repulsion of 
the hydroxy groups. The energy gained in the formation of the hydro-
gen bond rac^ be as strong as 5 kcal/mole^. The s t a b i l i t y of this 
configuration probably explains why ethylene glycol has low constants, 
because lat e r results indicate that only about 3 kcal/mole are released 
when the BP" species i s formed. 
The results for 1,3-propanediol can be contrasted with those for 
glycerol. The low constant for BP" and the absence of the BP2 species 
show that the hydroxyls are unfavorable situated for the reaction. 
Because there i s no substitution on the number two carbon atom, the 
one and three hydroxyls can resume a relaxed trans position. Also, 




0 .4 _ 
0.0 
= 1,08 
P = -0.07 
0.0 0 .2 0 . 4 0.6 0.8 
P] moles/liter 
1.0 1.2 
Figure 4 , K' vs,[pJfor 1,3-propanediol @ 25°C, 
such as in ethylene glycol. The slightly negative slope for p 
(see Fig, 4) i s due to the decrease of the dielectric constant of 
7 
the medium as polyol i s added. 
Polyvinyl alcohol equilibrium constants were calculated on the 
basis of the equilibrium concentration of PVA in moles of monomers 
7 
per l i t e r for comparison with values from the literature , However, 
since one borate molecule complexes with two or four hydroxyls from 
the polymer chain, i t i s more logical that the concentration be 
based on the weight of a dimer. This introduces a factor of two 
which i s altered in the calculations, since [Pjdecreases and causes 
K' to increase (see Eq. 18), Resvats for both calculations are 
reported in Table 2 . ' 
The equilibrium constants for PVA contrast with the constants 
for 1,3-propanediol which has no BP2'" complex. Along the polymer 
1 7 
chain the probability that many hydroxy groups exist i n cis position 
at a given time i s great enough to explain the higher PVA constants. 
I t also proves that complexing can take place on the one - three 
position, because there aren't enough adjacent hydroxy groups formed 
by head-to-head linkage of the monomers to account for these constants. 
Another interesting observation i s that only i n the PVA-borate 
system i s Kg greater than K^. This means that the formation of BP2~ 
i s more favored than BP" for a 0 . 5 M solution of PVA monomers. The 
explanation i s attributed to the difference between polymer and simple 
molecular systems. The concentratfon of the simpler polyols i s evenly 
distributed throughout the solution, whereas the hydroxyls in the 
PVA are concentrated in those volmes of solution i n which a polymer 
molecule i s present, PVA has a configuration intermediate between a 
balled up formation and a linear chain. In concentrated solutions 
BPg" w i l l form favorably because the chains are intertwined, and cross-
linking can take place intra- and intermolecularly, i^parentLy the 
0 , 5 M poljmier i s concentrated enough for this crosslinking to be favor-
able, since a gel w i l l readily form with the appropriate concentra-
tions of this particular solution and 0 ,025 M borate. 
Salt Effects On Equilibrium Constants For The Glycerol-.Borate System 
The i n i t i a l pH of the borax solution decreases as the concen-
tration of added sal t i s increased, (When the sal t concentration i s 
approximately 1 M, the decrease i s 0 , 1 pH unit,) This i s expected 
since the Debye-Huckel theory predicts a decrease i n the activity . 
coefficients of the ions as ionic strength i s increased. Therefore, 
more boric acid w i l l ionize to borate and hydronium ions, causing a 
18 
SALT K2 
None 12.9 4.46 57.7 
KCl (1M) 13.6 3.04 41.3 
KNO3 (1M) 12.8 3.36 43.0 
KCl (3M) 11.7 2.35 27.5 
K3Fe(CN)6 (1M) 13.6 2.17 29.5 
Table 3 . Salt effects on equilibrium constants for the glycerol 
borate sjrstem. 
lower pH and higher K^. 
Ionic strength was assumed by Edwards''' to have no effect on 
the equilibrium constants, since there i s no change of charge type 
for the complexing reaction. To verify this assumption, a seid.es of 
potassium salts was added to the reactants. The results of this 
investigation are presented in Table 3 . 
K̂  does not vary beyond experimental error when the salts are 
present in the system. However, the important result i s that K2 
markedly decreases as the s a l t concentration i s increased. This 
means that the complexing reaction between one borate ion and one 
polyol molecule i s unaffected by the presence of sa l t s , but that the 
reaction of BP" with an additional polyol molecule i s definitely 
hindered. Although this observation has also been noted for some 




Temperature Dependence Of Equilibrium Constants For The 
Glycerol-Borate System 
EquilibriTUtt constants are temperature dependent, since heating 
aids endothermic reactions and hinders exothermic reactions. I f the 
constants are known at various temperatures, i t i s possible to c a l -
cvilate thermodynamic quantities from the following relationships^, 
( 1 9 ) G = - RT I n K ( 2 1 ) A S = AH - AG 
T 
( 2 0 ) d I n K = - AH 
d 1/T R 
I f the heat of reaction (AH) i s constant over the temperature range, 
a plot of I n K vs, 1/T yields a straight l i n e with a slope equal to 
-AH/R. 
Results at various temperatures for the glycerol complexes are 
given i n Table 4 , and the plots for the three equilibrium constants 
are in Figure 5» 
T^'C g 
15 1 6 . 4 4 , 9 7 81.5 
25 1 3 . 4 4 , 3 6 58.5 
34 11,5 3 .78 43,5 
45 10 .5 3 .52 37.0 
Table 4 . Temperature dependence of eqvdlibrium constants 




Constant AH kcal/mole AG kcal/mole AS cal/mole° 
1 
P -4.97 - -2.41 
1 
-8.58 
Ki . -2.48 -1.53 -4.37 
K2 -1.63 -0.87 -2.54 
TabLe^. Thermodynamic results for the glycerol-borate system 
at Zfz, 
An increase i n temperature progressively decreases the equi-
librium constants which means that the reaction i s exothermic. Also, 
straight lines are obtained for the plots of I n K vs. 1 /T from which 
AH i s calculated for the three constants. Using Equations 19 and 
21 the free energy (AG) and entropy (A S ) quantities are determined 
and the results are presented i n Table 5* Each thermodynamic 
quantity for the over-all complexing constant ̂  should be equal to 
the sum of the quantities for the stepwise reactions. The discrep-
ancy i s due to the inaccuracy of the slopes of the three lines. 
Negative entropy (AS) values signify an ordering of the system. 
This i s to be expected since the reactants (esp. the polyols) are 
losing freedom of motion when they are coraplexed. The release of 
water molecules from the reaction does not significantly counter-




Pel Point Results 
When borate i s introduced into the polyvinyl alcohol system, 
the BP- and BPg" species form in amovints dependent on their equilib-
rium constants. The crosslinked species, BPg", i s scattered through-
out the poljrmer system at random points where pairs of polymer units 
are properly situated^ (see Fig. 6). 
Figure 6, Crosslinked polymers. 
When the concentration of crosslinks becomes high enough, the 
viscous polymer forms an i n f i n i t e network which i s signified by a 
sharp gel point. Theoretically, i f there are N molecules i n i t i a l l y 
i n solution, crosslinkages w i l l increase u n t i l N-1 have been intro-
4 
duced. The system then consists of one giant molecule. Additional 
crosslinkages immediately cause the formation of a network. Thus, 
the concentration of molecules based on the nimber average molecu-
l a r weight should correspond to the concentration of crosslinkages 
9 
at the gel point , 
The concentration of crosslinkages can be calculated knowing 
the equilibrium constants and minimum amount of borate needed to 
gel a known concentration of PVA', The calculations based on monomer 
constants differed slightly from results based on dimer values. The 
dimer BPg" concentration shows the better correlation with molecular 
concentration (see Table 6). \ 
Molecules 2.57 X 10-^ M 
BPg" Cmonomer) 
BPg" (dimer) 
5.86 X 10-^ M 
4.35 X 10-^ M 
Table 6. I n i t i a l concentration of polymer molecules compared 
id.th the concentration of crosslinkages at the gel point. 
However, when using the measured pH value at the gel point to 
calculate the concentrations of B(OH)/|,", BP-, and BP2-, the results 
are erroneous because the mass balance equation for borate (see Bq. 11) 
i s not satisfied. This means that either the pH value or the equilib-
rium constants are incorrect. Since.these constants are calculated 
for a system where polyol i s relatively dilute, the crosslinkages 
are primarily intramolecular rather than intermolecular. However, 
the gel point situation i s the reverse because a rainiraum amount of 
borate i s added to a more concentrated PVA solution. In this case 
crosslinlcages are mostly intermolecular. 
A possible explanation for the discrepancy in the values i s 
that equilibrium constants may differ depending on whether linkage 
i s i n t r a - or intermolecular. Further investigation of more concen-
trated PVA-borate solutions i s necessary to resolve this probLasi. 
\ 
FUTURE STUDIES 
Future investigation of the polyol-borate system i s unlimited. 
Determination of equilibrium constants for additional polyols w i l l 
broaden the scope of this study and lead to more positive structural 
conclusions. For example, with the present information i t i s impos-
sible to distinguish between the influence of steric hindrance and 
the influence of dipole effects on the configuration of glycerol. 
I s the number two hydroxyl forcing the one and three hydroxy groups 
into a cis position because of bulkiness or because the oxygens are 
electronically repelling each other? Perhaps the effect i s due to a 
combination of these interactions. I f a molecule such as 2-methyl-
1,3-propanediol i s used to complex borate, information may be gained 
from the values of the equilibrium constants. A relatively high 
degree of complexing w i l l indicate that the bulky methyl group i s 
s t e r i c a l l y pushing the one and three hydroxyls into the cis position. 
Conversely, low constants w i l l eliminate steric considerations and 
increase the importance of dipole repulsion as a contributor i n the 
structure of glycerol. 
The possibility of a sijt-merabered hydrogen bonded cyclic 
structure for 1,3-propanediol may be confirmed or extinguished from 
literature sources or by spectroscopic studies. Since the s i x -
membered cyclic structure i s slightly less stable than the f i v e -
raembered ring, more complexing i s expected with cyclic 1,3-propanediol 
than with ethylene glycol. However, results (see p. 15) indicate 
less complexing with 1,3-propanediol; i t therefore appears that the 
trans hydroxy configuration predominates over a hydrogen bonded 
structure. Clarification of t ^ s point w i l l be beneficial toward 
u t i l i z i n g the polyol-borate system as a precise method for structural 
determination of polyols, 
Ionic strength studies can be pursued in greater depth by using 
soluble salts at various concentrations, A plot of I n K2 vs, vJlTmay 
yield a linear relationship for the glycerol-borate system. I t w i l l 
be advantageous to use the salts in other polyol systems for a com-
parison of the magnitude of effect on K2. Ionic strength results for 
the PVA-borate system w i l l be especially interesting, since this i s the 
one system for which K2 i s greater than K-|, 
Thermodynamic studies can be supplemented by calorimetric measure-
ments in order to calculate the heat of reaction (AH) more precisely. 
These results w i l l provide additional information for structural 
determinations when there i s hydrogen bonding (see results for ethylene 
glycol, p. 15) . Also, one could determine whether 1,3-propanediol 
foms a BPg" complex at a lower temperature. This was attempted at 
1°C, but as noted in the experimental section, data were inconsistent 
at this temperature for a l l systems. 
The discrepancy between the pH data at the gel point and the 
equilibrium constants for the PVA-borate system opens a new area of 
investigation. I t i s f i r s t necessary to determine the validity of 
the pH measurement at the gel point, since the gel may be clogging 
the electrodes. I f the pH results are found to be accurate, then 
data for the constants of more concentrated polyvinyl alcohol solutions 
are necessary to obtain conclusive resialts-.for gel properties. Also, 
i t w i l l be beneficial to vary the molecular weight of the polymer for 
this study. With this information one may possibly, conclude that the 
equilibrium constants of the PVA-borate system are dependent on 
whether crosslinkage i s i n t r a - or intermolecular. 
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